Objective. The analysis of scientific production in Puerto Rico is largely unexplored. The main aim of this study is to present the characteristics and trends of cancer publications in
bibliometric indicators give relevant information about research activity (10) . Moreover, the application of bibliometric methods has been successful for the development of disease-specific public health initiatives in countries such as China and India (11, 12) .
Even though bibliometry is a useful tool to evaluate scientific production (13) , it has not been widely used in cancer research. Few bibliometric studies have been conducted with cancer research outputs (5, (14) (15) (16) (17) (18) (19) (20) and, to our knowledge, none has been performed on cancerrelated articles published in Puerto Rican journals. Cancer is a public health problem in both industrialized and developing countries (21, 22) and remains a leading cause of morbidity and mortality worldwide (23) . Already, the disease is the second cause of mortality in Puerto Rico (24), a country where the incidence rates of cancer have increased during the past three decades (25) . Even though scientific activity has increased in Puerto Rico (26) , the analysis of scientific production remains largely unexplored (27) .
Although powerful industrialized countries are widely perceived as the main sources of scientific production, studies have shown that countries with a small geographic size can have high publication rates per inhabitant (4, 27) . As a result of the increase in the burden of cancer in Puerto Rico and the lack of bibliometric studies, an evaluation of scientific literature published locally in the cancer field is highly warranted. This assessment would become a valuable resource to assist the scientific community, funding agencies, and governmental efforts to concentrate resources on strengthening the local cancer research capacity and on developing public health initiatives and cancer control strategies on the island. In addition, this type of information would be of particular relevance as it has been documented that investigators from Latin America and the Caribbean do not have the information resources necessary to identify research trends, make evaluative comparisons among nations, and track the results of public health programs (28) . Furthermore, given that the two Puerto Rican biomedical journals are not included in most surveys conducted on scientific production in Latin America and the Caribbean (27) and only one of them has been included in the Institute for Scientific Information (ISI) Scientific Citation Index, alternative methods for evaluating the contribution of these two biomedical journals to the cancer field need to be assessed.
Thus, given the need of bibliometric studies in the cancer field in Puerto Rico, the objective of this study is to present the characteristics and trends of cancerrelated publications in the two Puerto Rican biomedical journals from 1903 to 2005, using bibliometric indicators. In addition, we use two previously defined bibliometric indicators that allow for correlation between cancer-related publications and cancer mortality; these indicators permit an assessment of the relationship between biomedical research production and disease burden (5). 
MATERIALS AND METHODS

Journals
Key terms
In accordance with the National Cancer Institute's cancer and tumor definitions (29) , cancer publications for this study were defined as those that considered the following key terms: cancer, carcinoma, sarcoma, leukemia, lymphoma, multiple myeloma, malignant or cancerous tumor, and neoplasm.
Electronic and hard-copy search
A search was performed using the National Library of Medicine's search service PubMed (30) to retrieve cancerrelated articles. Data retrieved included the complete list of available articles in PubMed until 2005; the PRHSJ is included since 1986 and the BAMPR since 1949. Key terms were searched for in Spanish and English using the medical subject heading (MeSH) tag and were limited to the PRHSJ and the BAMPR using the "search by journal" criteria. To include older articles not listed in the PubMed database and to corroborate the accuracy of the electronic retrieval, a manual hard-copy search was also done. Articles found as a result of the hardcopy search that were not found through the electronic search were looked for in PubMed, with the use of author names instead of key words.
Inclusion criteria
An article was considered for inclusion in this study if it met the following criteria: (1) to be published in the PRHSJ or the BAMPR, and (2) to have at least one of the key terms defined previously in the title, abstract, or list of key words. For those articles that did not include an abstract or a list of key words, key terms were looked for only in the introduction or background section of the publication. Articles about benign or noncancerous tumors were excluded from this study, as they are not considered within the National Cancer Institute's cancer definition. All peer-reviewed papers including original, review, and special articles as well as other documents such as congress minutes, notes, letters, and editorials were eligible for inclusion. Journal supplements containing only meeting abstracts were excluded.
Study variables
Our unit of analysis was cancer-related articles published in Puerto Rico during the period 1903 to 2005. Each article was classified by the source journal (PRHSJ or BAMPR) and the year of publication. The number of pages, authors, and references were collected for each article. The language of publication was classified as Spanish or English. The institution (University of Puerto Rico, other universities, non-university hospitals, government, non-university research centers, private industry, or not-for-profit organizations) and country (Puerto Rico, United States, or international) of institutional affiliation of the first author was also recorded. Manuscripts were also classified by their type as original contributions, congress minutes, notes, letters, editorials, and review and special articles. In addition, manuscripts were classified by study type: epidemiologic studies (case report, case series, incidence studies, cross-sectional studies, case-control studies, cohort studies, and clinical trials), basic sciences and translational studies (in vitro cancer cells and animal experiments), and studies in behavioral sciences. A fourth category was defined to include informative and educational articles. Tumor classification by body location or system, according to the National Cancer Institute (31), was recorded as AIDSrelated, breast, digestive or gastrointestinal, endocrine, eye, genitourinary, germ cell, gynecologic, head and neck, hematologic or blood, musculoskeletal, neurologic or brain, respiratory, and skin. An additional category was added to classify articles that contained data on all cancer types as "all cancers combined."
Validation process
An external validation of the methodology used to retrieve and classify the articles was done by an external reviewer not related to the study. A sample was randomly selected to conduct the validation process in both the BAMPR and the PRHSJ. The process included an electronic and a hard-copy search. The articles and the bibliometric indicators identified by the external reviewer were compared with those obtained in the original search. Similar results were obtained in both searches, supporting the assumption that the information originally retrieved was accurate.
Statistical analysis
To summarize and standardize the production of articles during the study period and between journals, the following indicators were computed: indicates the publication for a specific year.
The means and standard deviations (SD) of these indicators were computed overall and for each journal. In addition, contingency tables were used to describe the frequency distributions of the number of articles by journal and the following variables: institution and country of institutional affiliation of the first author, type of manuscript, language, study design, and cancer type. To assess the time trend in the bibliometric indicators and in the number of articles by different characteristics, the annual percent change (APC) was calculated by using the Poisson regression model (32) . Finally, to relate the cancer research production to the cancer burden in Puerto Rico, we used the following parameters (5): (1) M%, representing the cancer proportional mortality ((number of cancer-related deaths)/(total number of deaths) × 100) and (2) P%, representing the proportion of cancer-related articles ((number of cancer-related articles)/(total number of articles) × 100). Information provided by the Annual Vital Statistics Reports of Puerto Rico (24, 33) was used to calculate M%. The total number of articles published was counted manually during the hard-copy search in order to define the denominator for P%. M% and P% data were restricted to 1913-1920 and 1923-2004 , given that information on mortality was not available for the years 1903-1912, 1922-1923, and 2005 . The statistical analysis was done with the computer software Stata/SE (Version 9.0, College Station, TX, USA).
RESULTS
A total of 39 articles published in the PRHSJ from 1986 to 2005 and 176 in the BAMPR from 1949 to 2005 were retrieved using PubMed and met the study's inclusion criteria. An additional 84 articles (76 from the BAMPR and 8 from the PRHSJ), not listed in PubMed during the same periods, were identified from both journals through the hardcopy search and 70 more from the periods not included in the PubMed database (64 from the BAMPR and 6 from the PRHSJ). Thus, 369 cancer-related articles were identified in 103 years of publication of these journals, with a mean of 3.6 articles per year.
As shown in Table 1 , the BAMPR contributed with 316 (85.6%) articles during its 103 years in press, an average of 3.9 cancer-related articles per year, whereas 53 articles were identified in the PRHSJ (14.4%) from 1982 to 2005 (24 years in press), an average of 2.5 articles per year. An accelerated increase in the number of publications was observed during the complete study period , with an estimated APC of 2.3%. Original papers were the scientific document most often used to publish in Puerto Rico's biomedical journals (69.6%). A comparison of the journals during the period 1982-2005, when both journals were in existence, showed that the BAMPR had published more cancerrelated articles than the PRHSJ. However, 86.8% of the articles in the PRHSJ were original papers, while 71.5% of the articles in the BAMPR were a similar type. Overall, the mean number of pages per article was 5.8 (SD 4.1); however, this mean was higher in the PRHSJ with 5.8 pages (SD 2.7) than in the BAMPR with 4.0 pages (SD 2.5) for the period 1982-2005. During this period, the mean number of authors per article was higher in the PRHSJ than in the BAMPR (4.7 (SD 3.9) and 2.7 (SD 1.6) authors, respectively); the same pattern was observed for the number of references per article (21.8 (SD 13.9) and 15.0 (SD 13.6) references, respectively).
Overall, the University of Puerto Rico was the institutional sector with the highest number of cancer publications (29.0%); hospitals ranked second (26.8%), followed by other universities (10.6%) and research centers (4.6%) ( Table 1) . Analysis during the comparative period indicated that most of the first authors who published in the PRHSJ (60.4%) were affiliated with the University of Puerto Rico, while, for the BAMPR, a similar number of authors were affiliated with the University of Puerto Rico (30.9%) and hospitals (30.1%). In addition, even though most researchers (first authors) were affiliated with Puerto Rican institutions, a larger presence of researchers affiliated with institutions from the United States was observed in the PRHSJ (22.6%) than in the BAMPR (14.6%).
Overall , the use of English as the publication language was higher (72.1%) than the use of Spanish (27.9%), a pattern also observed in each specific journal (Table 1) . Even though Spanish was the most common language for publication for the decades before 1950, English later became the most common language used for publication (data not shown). Table 2 showed some differences in the type of studies published. Most published articles in both journals were classified as epidemiologic studies (62.1%), followed by educational or informative publications (32.5%). Overall, the most studied cancer types were digestive (15.4%); gynecologic (9.6%), hematologic (9.1%), and genitourinary (8.6%). When analyzed specifically for the period 1982-2005, digestive, genitourinary, and skin cancers were more studied in the BAMPR, while breast, head and neck, and hematologic cancer studies were more frequently published in the PRHSJ.
The proportion of cancer publications (P%) with respect to the total publications in these two journals for the complete study period increased from 1.6% in the period 1913-1919 to 9.6% in the pe- 
DISCUSSION
This is the first study to assess cancer scientific production published in current Puerto Rican biomedical journals. We combined bibliometric and epidemiologic indicators to evaluate cancer scientific production in Puerto Rican journals, an approach that permitted an assessment of the relationship between biomedical cancer research production and cancer burden in this population. Our findings suggest a growing interest in cancer research in Puerto Rico, as shown by the increased number of cancer-related articles (APC = 2.3%). This result is consistent with other studies worldwide that have demonstrated an increase in cancer research publication in various countries, such as in Brazil (5) and Tunis (34) , and by research topic, such as molecular cancer epidemiology (20) . An increase was also observed for the proportion of cancer publications (P%) in these two local journals (APC = 1.2%), especially since the last mid-century. These increases match the epidemiologic transition of infectious diseases to chronic diseases described for the Puerto Rican population (35) . Even if this transition has occurred, it is important to highlight that, although the proportion of cancer publications (P%) paralleled the cancer proportional mortality (M%) from the period 1913-1959, the burden of cancer in Puerto Rico in the last four decades has increased faster than the scientific production in cancer research published in these local journals (Figure 1) . Notwithstanding, our proportion of cancer publications (P%) was higher than that reported for other countries, where cancer is one of the major scientific topics published (5, 34) . Given that, for most of the articles identified (68.8%), the country of institutional affiliation of the first author was Puerto Rico, these results also support the notion that, with the increasing burden of cancer in Puerto Rico observed during the past century, the local scientific community also increased its research and publication interests in the cancer field. This finding is consistent with research that shows that investigators tend to conduct research on topics of importance to their country or region (36) . Our results highlight the need to further promote the publication of cancer research in these journals. This goal could be achieved by adding special cancer issues or supplements within both journals that could help to disseminate research results on a more international scale.
The fact that, for most of the articles retrieved, the country of institutional affiliation of the first author was identified as Puerto Rico also indicates that these journals are serving as a mechanism mainly for local researchers to publish their work and highlights an underutilization of these journals by international authors as a publishing mechanism. 1 9 1 3 -1 9 1 9 1 9 2 0 -1 9 2 9 1 9 3 0 -1 9 3 9 1 9 4 0 -1 9 4 9 1 9 5 0 -1 9 5 9 1 9 9 0 -1 9 9 9 2 0 0 0 -2 0 0 4 1 9 8 0 -1 9 8 9 1 9 7 0 -1 9 7 9 1 9 6 0 -1 9 6 9 of researchers in publishing their work in peer-reviewed journals with a high impact factor (37), the lack of visibility of these two Puerto Rican biomedical journals could be limiting their use, not only by international researchers but also by local researchers. Efforts should be made to include the BAMPR in the ISI Scientific Citation Index and to promote the recent indexing of the PRHSJ, which would increase their visibility worldwide and, thus, the desire of local and international researchers to publish in them (38, 39) . With respect to scientific collaboration, the observed average annual increase in the mean number of authors per article (APC = 2.7%) suggests an increase in collaboration among researchers. A previous bibliometric study in Puerto Rico also documented increases in collaboration, especially between local and international researchers (26) . The same has been observed for Latin American countries (28) . Scientific collaboration is rising in most disciplines due, among other factors, to the growing complexity of research projects, for which increasingly large numbers of researchers specializing in different areas are required (27) . The cost-effectiveness of available resources is directly related to the size of research groups, with the quantity and quality of papers published increasing with the number of authors (40, 41) . Also, greater collaboration can lead to higher-quality results because of the impact of scientists' collective experience and joint efforts (27) . The rising tendency in the number of authors within scientific papers is a development identified in other studies as characteristic of research in the last decades in Puerto Rico (26) and internationally (42, 43) , since scientific research today calls for more and better human and material resources (27) .
The university was the institutional sector with the highest number of cancerrelated articles published and, specifically, the University of Puerto Rico was the most active center in this regard. A similar pattern was observed for scientific production in science and technology in Puerto Rico during the period 1990-1998 (27) . This finding is in keeping with the institutional goal of making the University of Puerto Rico the leading science and technology institution and its researchers more active and competitive at both local and international levels (44, 45) . It should be noted in this connection that the executive and legislative branches of the government in Puerto Rico perceive scientific research as an activity characteristic of the university; therefore, the infrastructure of governmental agencies has not been ideally designed for scientific research (46) .
English was the predominant language used for publication. The reasons for the common use of the English language in Puerto Rican scientific literature have to do with the political, legal, and economic relations with the United States that characterize scientific collaboration, availability of funds for research, and implementation of research projects in Puerto Rican institutions (27) . Another factor is the broad acceptance of English as the international language for pure, experimental, and technological sciences (47) .
Original articles were the publication type most commonly found in local journals. This result coincides with trends observed in previous studies conducted in science and technology in Puerto Rico (27, 40) and internationally (48) . Meanwhile, most publications identified were epidemiologic studies-more specifically, epidemiologic descriptive studies (case-report, case-series, incidence, and cross-sectional studies). Even though these descriptive studies do not offer the strongest evidence to assess causality in epidemiologic studies, they provide important information on the etiology of disease and help identify potential risk factors that could be better evaluated for causality in analytical epidemiologic studies (cohort studies, case-control studies, and clinical trials) (49, 50) . In fact, findings show a limited number of publications based on analytical studies and basic and translational studies. Some factors that could discourage investigators from conducting these types of studies include the fact that they are more expensive, take more time to conduct, and often require larger sample sizes than descriptive studies (51) . Another explanation for the limited number of analytical studies published in these journals could be that authors might prefer to publish these types of studies in foreign journals with a higher impact factor (37) . Even with the challenges of these types of studies, they should be further promoted in the cancer field, as they constitute the strongest methodologies to further evaluate causality between risk factors and disease development. With respect to the large quantity of educative/informative articles identified, even though they are important for educating the reader on cancer risks and prevention, they do not contribute substantially toward advancing the existing scientific knowledge in the field, as they do not involve a formal scientific research process.
Digestive, breast, gynecologic, and genitourinary cancers-the cancer types most studied in local publications-coincide with the cancer types with a historically high incidence and mortality in Puerto Rico, as reported by the Puerto Rico Central Cancer Registry (52) . Recent data from the Puerto Rican Cancer Registry support the fact that these cancer sites continue to be the most common cancers on the island. In the year 2003, digestive and genitourinary cancers accounted for the majority of incident cases of cancer in Puerto Rican males; among women, most incident cases of cancer were attributed to breast, digestive, genitourinary, and gynecologic cancers (53) . These data support the idea that, given the continued high burden of cancer attributed to these body locations in Puerto Rico, they should continue to be a primary focus of local cancer scientific production in the future.
Our results provide valuable information that could be obtained only by this unique analysis of hard-copy retrieval, given that publications in the studied journals are not totally included in PubMed or indexed in the ISI system. Although PubMed is the most widely used biomedical system (54, 55) , indexing more than 4 600 journals worldwide (56) , not all of Puerto Rico's research publications are indexed in it. Approximately 17% of the manually retrieved articles were not available in PubMed, as they had been published before the date when their journals of precedence were incorporated in that electronic database. Also, 25% of the manually retrieved articles were not available in PubMed, although they were published within the period when both journals were included in the electronic database. The same has been documented for other countries, such as Australia and Brazil (5, 57, 58) . Prior studies comparing the comprehensiveness and relevance of PubMed and other databases have demonstrated that a single search engine does not capture all the pertinent and available articles retrieved (59) . To improve our search, MeSH terms, the main key words used within the PubMed database, were used in our methodology to retrieve cancer-related articles. Given that the specificity of PubMed retrievals has been shown to increase when MeSH words are used (57), we expect our electronic retrieval to have been adequate.
The previous findings support the relevance of performing a hard-copy search to identify all the cancer-related articles published by both journals in order to better understand the number and type of cancer-related articles published in Puerto Rican journals. Given that many journals from Latin American countries are not totally included in PubMed or indexed in the ISI databases (60), a well-established hard-copy retrieval method is an excellent way to conduct descriptive bibliometric studies. Since 1998, the Scientific Electronic Library Online (SciELO) has provided universal visibility and accessibility of scientific literature from several developing countries, particularly from Latin America and the Caribbean (61). Nonetheless, Puerto Rico is not included as a country in the SciELO database.
A complete understanding of citing, publishing, and collaboration patterns in Puerto Rico is critical to researchers, policy makers, and heath care professionals in order to make informed decisions about research priorities (62) and public health interventions and to guide Puerto Rico's Cancer Control Plan (63) . Although our study provides important information on publication patterns in local Puerto Rican biomedical journals, a complete analysis of cancer publications published in international journals by researchers affiliated with Puerto Rican institutions is being done by our research team. Preliminary results from this work have shown that a larger number of cancer articles were published in international journals than in local journals during the period 1992-2004 (63) . 6 The lack of standardization in the structure of the publications retrieved in the BAMPR before establishment of the Uniform Requirements for Manuscripts Submitted to Biomedical Journals in 1979 (64) and the lack of key words in several publications from both journals were a difficulty encountered in the hard-copy retrieval that might have affected our ability to identify all cancerrelated publications through the hardcopy search. Nonetheless, the extraction of key words from the introduction and background sections of the papers reduced the possibility of that happening. A journal's system of key words ideally should include items such as disease and its body location, which would facilitate retrieval methods (4).
In conclusion, our study showed that most cancer-related publications in the PRHSJ and the BAMPR, two Puerto Rican biomedical journals, from 1903 to 2005 were original articles, were written in English, and were from authors affiliated with academic institutions. In addition, epidemiologic studies were the dominant study type and the most studied cancers were digestive and gynecologic. With regard to publication trends, the growth observed in cancer publications in these journals for the complete study period did not parallel the increase in the cancer proportional mortality in Puerto Rico. To fully understand the total spectrum of cancer research in Puerto Rico, it is essential that future bibliometric studies also evaluate other local scientific materials such as monographs, books, and dissertation theses as well as articles published in journals outside Puerto Rico by authors affiliated with Puerto Rican institutions. This will permit a comprehensive assessment of the current research taking place with regard to the total amount of cancer scientific production published in Puerto Rico. Future studies should also include citation analyses for authors affiliated with Puerto Rican institutions as an important consideration for evaluative purposes of research quality. Finally, the characteristics and publication rate of cancer scientific production in Puerto Rico should be compared with that of other countries to further understand our level of development in the area of cancer research.
